Beamforming and time reversal imaging for near-field electromagnetic localisation using planar antenna arrays by Abedin, MJ
BEAMFORMING AND TIME REVERSAL IMAGING FOR 
NEAR-FIELD ELECTROMAGNETIC LOCALISATION 
USING PLANAR ANTENNA ARRAYS 
MOHAMMED JAINUL ABEDIN 
FACULTY OF ENGINEERING AND INFORMATION TECHNOLOGY 
UNIVERSITY OF TECHNOLOGY, SYDNEY (UTS) 
A THESIS SUBMITTED FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
APRIL 2011 
Certificate 
I certify that the work in this thesis has not previously been submitted for a degree nor has 
it been submitted as part of requirements for a degree except as fully acknowledged within 
the text. 
I also certify that the thesis has been written by me. Any help that I have received in my 
research work and the preparation of the thesis has been acknowledged. In addition, I 
certify that all information sources and literature used are indicated in the thesis. 
- ---- -~-·- - - - --
Mohammed Jainul Abedin 
Acknowledgements 
During the time I worked on this project many people provided me valuable help and 
guidance. First and foremost, I wish to thank my supervisor Associate Professor Ananda 
Mohan Sanagavarapu (a.k.a. A. S. Mohan) for giving me the opportunity, support, 
inspiration and guidance necessary for undertaking this research work. The topics reported 
in this thesis formed part of ARC grants allocated to my supervisor. I would also like to 
thank my co-supervisor Professor Hung Nguyen for his help and support, and for providing 
me with a Health Technologies Top-Up scholarship. 
I would like to express my gratitude to the Australian Government for giving me, 
initially, an International Postgraduate Research Scholarship (IPRS) and, later an 
Australian Postgraduate Award (AP A) along with tuition fees waiver through a Research 
and Training Scheme (RTS). I also wish to thank University of Technology, Sydney 
(UTS) and the Faculty of Engineering and IT for supporting me throughout my study 
including Faculty of Engineering International Student Extension Scholarship, Faculty of 
Engineering Health Technologies Top Up, Faculty of Engineering Top Up Scholarship, 
Thesis Completion Equity Grant, Vice ChanceJlor Conference Grant and Faculty funding 
for conference attendance. 
My special thanks go to Dr. Tony Huang a past member of Ananda's group at UTS 
for many useful discussion at the initial stages of my research at UTS. I also wish to thank 
our group members: Fan Yang, Muhammad Yazed, Masud Rana, Delwar Hossain and 
other fellow students of the Centre for Health Technologies for their generous help and 
company. I am very grateful to Michelle Black for assisting me with English ed iting. I also 
express my appreciation to Rosa Tay and Phyllis Agius for their ongoing help with 
administrative support throughout my study. 
I am thankful to my friends Monir, Upal and Sayem for their great support during 
my early days in Australia. I am very grateful to my wife Rupa and son Lahin for their 
hearty support and love. I am really proud of being a son of wonderful parents who gave 
me constant encouragement, mental support and the merit in having patience. 
11 
Abstract 
The localisation of radiating sources of electromagnet ic waves in the near-field of a 
receiver antenna array are of use in a vast range of applications, such as in microwave 
imaging, wireless communications, RFID, real time localisation systems and remote 
sensing etc. Localisation of targets embedded in a background dielectric medium, which is 
usually the case in Radar, UWB imaging and remote sensing, can be done using the 
scattered response received at the antennas. In this thesis, we investigate methods for 
localisation of both near-field radiating as well as scattering sources of electromagnetic 
waves. 
For localisation of near-field radiating sources, planar antenna arrays such as 
concentric circular ring array (CCRA), uniform rectangular array (URA), uniform circular 
array (UCA) and elliptic array are employed. The thesis employs beamforming and 
parameter estimation methods for localisation and proposes novel algorithms that are based 
on standard Capon beamformer (SCB), subspace based superresolution algorithms 
(MUSIC and ESPRIT) and maximum likelihood (ML) methods. Complex array geometries 
can suffer from severe mutual coupling and are susceptible to array modelling errors. 
These errors impair the performance of algorithms that are used for beamforming and 
parameter estimation for localisation. To overcome the limitations of standard Capon 
beamformer (SCB), a modified capon beamforming method is proposed to make SCB 
robust against both array modelling error and mutual coupling effects. The proposed 
method is applied with planar antenna arrays for localisation of near-field sources. Planar 
arrays are also used with MUSIC and ESPRIT superreso lution algorithms for performance 
investigation in a near-field source localisation. Here, to reduce the computational burden 
of standard MUSIC and ESPRIT algorithms, a novel method to estimate the range using 
the time-delay is proposed. Lastly, to overcome the performance limitations of 
superresolution algorithms with planar arrays, the ML estimation is investigated for the 
localisation of near-field sources using planar arrays. Since ML method cannot 
automatically detect the number of sources, a novel method is proposed here for detecting 
the number of sources. Finally, performance comparisons of all the methods under 
investigation have been presented using computer simulations. 
1ll 
Abstract 
In order to localise targets embedded either in homogeneous or in heterogeneous 
background medium, we employ time reversal (TR) techniques that localise based on the 
received scattering responses from the embedded targets. We propose a novel beamspace-
TR technique that can achieve efficient focusing on targets embedded in both a 
homogeneous and heterogeneous dielectric background media. It is shown that prior to 
back propagation, applying beamspace processing to the TR operation in the receiving 
mode helps achieve a reduced dimensional computation and achieves selective focusing. 
We have also proposed beamspace-TR-MUSIC algorithm for improving the resolution of 
standard TR-MUSIC algorithm. Performance of these techniques is investigated for 
localising the target embedded in a clutter rich dielectric background where the dielectric 
contrast between the target and the background medium is very low. We also propose to 
extend the maximum likelihood based TR (TR-ML) to improve the focusing ability and to 
help to localise dielectric targets embedded in a highly cluttered dielectric medium. To 
prove the ability of the proposed algorithms, they are applied to the problem of UWB radar 
imaging for the detection of early stage breast cancer. Computer simulations are used for 
the investigation of the imaging performance of TR, beamspace-TR, TR-MUSIC, 
beamspace-TR-MUSIC and TR-ML methods on a two-dimensional electromagnetic 
heterogeneous dielectric scattering model of the breast. 
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